INTRODUCTION
============

Tracheal stenoses due to endotracheal intubation are rare and usually present a benign course. However, their treatment is complex and requires specialized evaluation. Endotracheal intubation is a procedure frequently necessary among severely ill patients, and may be performed by less-experienced physicians. In this setting, particularities of the procedure should be observed to avoid injuries while attempting to maintain the capillary pressure of the tracheal mucosa at around 20-40 mmHg. Exceeding tracheal cuff pressures will result in ischemic necrosis, which leads to confluent mucosal ulceration, deep stromal necrosis, and perichondritis within 96 hours, and the chondritis will subsequently favor cartilage necrosis. The healing process of the extensive ulcers will cause stenosis due to fibrous tissue.[@B001]^,^[@B002]

The mechanisms of the airway injury associated with endotracheal intubation are (i) high pressure of the intubation tube cuff; (ii) tube support in the posterior commissure of the larynx; (iii) repetitive movement of the endotracheal tube causing mucosal injury; and (iv) repeated tracheal intubation. The tracheal tube (nasally or orally inserted) will always push the posterior larynx, which is where major mucosal injuries occur.[@B003]

CASE REPORT
===========

A 15-year-old girl was brought to the emergence care unit (ECU) because of acidosis and a decreased level of consciousness. She was diagnosed with type 1 diabetes with poor treatment adherence. She was referred to the intensive care unit (ICU) and was submitted to endotracheal intubation for 5 days. After 3 days of extubation, the patient showed respiratory distress due to stenosis of the trachea at the fourth tracheal ring, which was diagnosed by a nasofibroscopy. The cervical computed tomography (CT) study showed a segmental parietal concentric thickening of the trachea with 2 cm of craniocaudal extension associated with a marked luminal reduction at the T1 level directly below the thyroid gland ([Figure 1](#gf01){ref-type="fig"}1B).

![**A --** Cervical computed tomography (CT) -- coronal plane; **B --** Thoracic CT -- axial plane showing concentric stenosis of the trachea (arrows).](autopsy-09-01e2018072-g01){#gf01}

The suspension videolaringoscopy evidenced ulcers in the lateral and posterior walls of the trachea, and necrosis of the mucosa at the fifth tracheal ring ([Figure 2](#gf02){ref-type="fig"}A). A complete resection of the necrotic tissue that measured 2 cm was undertaken. At the end of the procedure, the trachea resumed an almost normal caliber ([Figure 2](#gf02){ref-type="fig"}B). The histopathological examination of the surgical specimen was represented by tracheal necrosis ([Figure 3](#gf03){ref-type="fig"}).

![Endoscopic view. **A --** Tracheal stenosis (white arrow) at the fourth tracheal ring and a narrow remaining lumen (black arrow); **B --** Post-resection of the necrotic tissue. Note the enlargement of the tracheal lumen.](autopsy-09-01e2018072-g02){#gf02}

![Gross appearance of the surgical specimen represented by tracheal necrosis.](autopsy-09-01e2018072-g03){#gf03}

The patient was discharged 3 days after the endoscopic necrosis resection. However, she returned to the ECU after 9 days, presenting severe respiratory distress due to upper airway obstruction, which required urgent fiberoptic bronchoscope-guided orotracheal intubation. A new rigid and eccentric stenosis was diagnosed ([Figure 4](#gf04){ref-type="fig"}A). In attempting the tracheal dilation with the bronchoscope, and with the intubation tube insertion, a rupture and laceration of the posterior pars membranacea of the trachea in its proximal stenotic portion occurred, with consequent pneumomediastinum, which was drained with a pigtail coupled to a Heimlich valve. The patient remained intubated for 24 hours and another suspended videolaringoscopy found a false path in the posterior tracheal wall measuring 4 cm, which extended 5 cm from the cricoid cartilage and 4 cm from the carina ([Figure 4](#gf04){ref-type="fig"}B). The lesion was better observed during positive pressure ventilation.

![Endoscopic view. **A --** Scarring fibrotic stenosis 9 days after the exeresis of the necrotic tissue; **B --** Iatrogenic injury of the trachea with a false path (black arrow).](autopsy-09-01e2018072-g04){#gf04}

An endoprosthesis (silicone Stening^®^) ([Figure 5](#gf05){ref-type="fig"}) was inserted along the whole extension of the tracheal injury fixed with polypropylene 3-0.

![Endoscopic view of the silicon endoprosthesis placed along the entire tracheal lesion.](autopsy-09-01e2018072-g05){#gf05}

Additionally, an upper digestive endoscopy was performed, which showed a Los Angeles-A esophagitis and biliary reflux. A control thoracic CT showed pneumomediastinum, a pneumothorax, extensive cervical subcutaneous emphysema, and a prosthesis surrounded by gas in the thoracocervical transition ([Figure 6](#gf06){ref-type="fig"}).

![Thoracic computed tomography. **A --** Axial plane showing the endoprosthesis inserted in the trachea, and a posterior airspace corresponding to the traumatic false path (white arrow); **B --** Coronal plane showing the endoprosthesis placed in the middle third of the trachea (white arrow) surrounded by pneumomediastinum (arrowhead).](autopsy-09-01e2018072-g06){#gf06}

A Nissen-type anti-reflux valve was performed by laparoscopy 40 days after the last endoscopic procedure, due to the marked biliary reflux. The patient was discharged and has been kept on an outpatient clinic follow-up over the last year, with good control of the diabetes and with normal respiratory function. Surgery has been scheduled for the final tracheal injury correction.

DISCUSSION
==========

The case presented herein illustrates a preventable complication of endotracheal intubation followed by a complex and troublesome treatment undertaken in a secondary hospital. This sort of complication is the result of the invasive airway maneuvers developed in the 20th century and the survival of patients treated in ICUs.[@B003]

Several tutorials and programs have been developed to guide a safe endotracheal intubation for health professionals.[@B004]^,^[@B005] However, despite all the care, we still face such complications, mainly in pediatrics,[@B006]^,^[@B007] A recent study[@B008] evaluated the endotracheal intubation skill of 85 physicians from three different services: ICU, ECU, and pulmonology. This study concluded that the skill level was unsatisfactory, and that improvement in training was necessary to prevent complications.

The diagnosis of laryngotracheal stenosis is suspected in the presence of (i) barking cough; (ii) hoarseness; (iii) inspiratory stridor; (iv) varying grades of respiratory dysfunction; (v) tachypnea; (vi) intercostal and suprasternal indrawing; (vii) shortness of breath; and (viii) agitation and imminent death sensation. Diagnosis is confirmed by imaging (CT, magnetic resonance imaging) and endoscopic examination. Although these methods are complementary, the latter could be performed when imaging methods are unavailable.[@B009] Endoscopy should be avoided because the procedure, by itself, may worsen the original injury. Therefore, endoscopy should be reserved for therapeutic purposes.

The treatment of choice for laryngotracheal stenosis is surgical; the reconstruction of the airway should be undertaken in centers with extensive experience. Nevertheless, it is associated with high rates of relapse.[@B010] Alternative endoscopic treatments are being developed to treat surgical complications, to replace large operations, and to treat patients with high morbidity.[@B011]

Concerning endoscopic treatment, the use of tracheal prosthesis has been more used in specialized centers. Other options, such as endoscopic dilation, argon plasma coagulation, and laser therapy, are also available in some advanced centers. Since the number of patients with such endotracheal complications is increasing, other non-surgical therapeutic options are being developed. In this setting, spray cryotherapy has been used in a series of 26 patients with tracheal stenosis of diverse etiology with partial relief of symptoms, and without any substantial intraoperative or postoperative complications. It seems a safe adjunct therapy.[@B012]

We performed the treatment with suspension laryngoscopy; this was represented by the exeresis of the necrotic tissue followed by the insertion of the silicon prosthesis. Stents have been used since 1960s, and silicone ones have good efficacy and tolerance, with low costs and infrequent complications.[@B013] Recent studies have confirmed its effectiveness.[@B014]

Technological development in the field of radiology enables new therapeutic aids for the treatment of tracheal stenosis. For example, Kuo et al.[@B015] used CT images before 3D reconstruction to calculate the cross-sectional area and volume of the trachea to assist the physicians with the diagnosis and scheduling the treatment.

In another approach, a group of Russian researchers suggest the use of biotechnology for the treatment and prevention of the stenoses with tissue auto transplant and tissue engineering (tissue culture), with promising short-term results.[@B016]^,^[@B017]

Our center has been following patients with tracheal stenosis for more than 20 years. During this period, our patients have been submitted to a suspension laryngoscopy to evaluate (i) the level and the grade of the stenosis; (ii) the need to insert a template to maintain steadiness during endoscopic dilation; and (iii) the need to perform a laryngofissure (cartilage graft with laryngeal molding). The patient with laryngeal stenosis often requires several interventions.

We have also observed a frequent presence of biliary or acid reflux during the operative procedure. Even in the absence of dyspeptic symptoms, or the presence of an eventual interpretation of physiologic reflux,[@B018] we consider the possibility of reflux, which perpetuates the inflammatory process in the laryngotracheal region and postpones the possibility of tracheal decannulation.

Therefore, many of our patients are submitted to impedanciometry and/or pH monitoring before a laryngoscopy is performed. If there is evidence of gastroesophageal reflux, it is treated surgically earlier. The incidence of recurrence of stenosis has been lower in the last 10 years, with successful decannulations.

Much is said about the techniques to treat benign tracheal injuries. However, it seems that relieving this problem is much more difficult than preventing it. Therefore, we suggest that the entire health provider team involved with critical or potentially critical patients, maintains constant updating on airway management.
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